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Date: May 27, 2020 

Subject: Generic QAPP Addendum for Sediment Sampling 
Olympia Washington USEPA Brownfield Assessment Grant (BF01J66201) 

 

The purpose of this Quality Assurance Project Plan (QAPP) Addendum is to present additional information that was not 
included in the generic QAPP for the City of Olympia's (the City's) brownfield assessment grant.  The generic QAPP was 
approved by the United States Environmental Protection Agency (USEPA) on March 16, 2020.  The information included 
in the generic QAPP remains valid. This QAPP addendum details laboratory analytical methods, reporting limits, quality 
control (QC) limits, sample containers, holding times, and preservation and storage requirements for sediment samples 
collected with funding from the City's brownfield assessment grant. 

Chemical Analyses 

Consistent with the generic QAPP, sediment samples will be submitted to Libby Environmental (Libby), who will either 
analyze samples in house, or will subcontract analyses to Fremont Analytical (Fremont), Analytical Resources, Inc. (ARI), 
or Materials Testing & Consulting. The specific analyses and conventional parameters to be measured by each 
laboratory, sample preparation methods, analytical methods, method detection limits (MDLs), target reporting limits 
(RLs), QC limits, and applicable regulatory criteria are presented in Table 1. Actual sample RLs may vary due to analytical 
dilutions, percent solids, sample volumes used for analysis, and matrix interferences.  

The laboratories participating in sediment projects are accredited by the Washington Department of Ecology (Ecology) 
for all analytical methods to be used for sediment projects, and have instituted internal quality assurance/quality control 
(QA/QC) plans accordingly. Attachment 1 provides the Ecology certification for Materials Testing & Consulting and 
standard operating procedures for the methods discussed in this QAPP addendum that have not already been submitted 
in the generic QAPP (i.e., conventionals listed in Table 1). Analyses will be required to conform to accepted standard 
methods and internal QA/QC checks prior to final approval.  

Comparison to Sediment Management Standards 

The results will be compared to Ecology's Sediment Management Standards (SMS) Sediment Quality Standards (SQS; 
Washington Administrative Code [WAC] 173-204-320) and Sediment Impact Zone Standards (SIZmax; WAC 173-204-
420). A comparison of the SQS and SIZmax criteria to the MDLs and RLs is shown on Table 1. All reasonable means, 
including additional cleanup steps and method modifications, will be used to achieve sample MDLs and RLs at or below 
the associated SQS and SIZmax criterion. 

MDLs and/or RLs for all listed chemicals are below SMS criteria based on dry weight and organic carbon (OC) within the 
applicable range of organic carbon content (0.5 to 3.5 percent). Undetected chemicals with MDLs that exceed the SQS 
criteria will be considered SMS exceedances. 
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Sample Containers, Holding Times, and Preservation and Storage Requirements   

Sample containers, holding times, and preservation and storage requirements for sediment sample analyses are shown 
on Table 2. 

Enclosures 
Table 1 Chemical Parameters, Laboratory QC Limits, and SMS Criteria 
Table 2 Sediment Sample Analysis Summary, Preservation, Sample Container, and Holding Times 
Attachment 1 Laboratory Standard Operating Procedures and Accreditations 
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STANDARD OPERATING PROCEDURES     Sulfide Preservation and Distillation 

1. Scope and Application 
1.1.  Sulfide in environmental samples may exists in a variety of states dependent upon pH and 

redox potential of the sample matrix.  Primary forms include H2S, HS-, S-2, and various metal 
sulfide complexes that vary widely in their degree of solubility. 

1.2. This SOP describes the procedures used by ARI to preserve sulfide contained in environmental 
samples and to release the combined sulfides into a form (H2S) that is measurable by routine 
finish analyses.  The finish analyses, iodometric titration and methylene blue colorimetry, are 
covered under separate SOPs, ARI 650S and 653S, respectively. 

1.3. This SOP is written to conform with the requirements of: Standard Methods 4500-S2- Sulfide; 
Plumb, 1981; USEPA and Puget Sound Water Quality Authority PSEP) 1986; SW-846 Method 
9030B (Acid Soluble only); and, Allen, et al. 1991 (Acid Volatile Sulfides and Simultaneously 
Extractable Metals). 

2. Summary of Procedure 
2.1. There are multiple procedures available. The client, and Project Manager must select the 

appropriate procedure for their needs prior to sampling and receipt of samples by the laboratory. 
2.2. Aqueous samples can be analyzed for: 

2.2.1. Dissolved sulfide if the sample is: 
2.2.1.1. Unpreserved and contains no particulates. 
2.2.1.2. Unpreserved and contains particulates that are removed by flocculation prior to finish 

analysis. 
2.2.2. “Total sulfide”  

2.2.2.1. Without distillation if the sample has been preserved with zinc acetate and is 
sufficiently clear (without significant turbidity) to allow either titrimetric or colorimetric 
analysis; or 

2.2.2.2. With distillation if the sample has been preserved, is turbid, and cannot be read 
directly (note:  SW-846 Method 9030B is the only distillation procedure that covers aqueous 

samples) 
2.3. Sediment / soil or highly turbid aqueous samples are acidified under anoxic conditions to 

release sulfide from the matrix as H2S. The released H2S gas is then trapped in zinc acetate 
solution to precipitate sulfide (as zinc sulfide).  Finish analysis is conducted on the trapping 
solution.  Three distillation procedures are available:  SW-846 Method 9030B (Acid 
Soluble), PSEP 1986, and Acid Volatile Sulfide (AVS).  These vary primarily in the pH and 
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temperature conditions under which the distillation is conducted and do not necessarily release 
equivalent amounts of sulfide as noted in Sections 3.7 and 3.8 below. 

2.4. Sulfide can form highly insoluble complexes with a number of metals that might not be released 
for analytical determination by the procedures employed here.  In this sense, “Total sulfide” 
actually represents that amount of sulfide that is released under the conditions of the distillation 
and not, necessarily, the total amount of sulfide that is present in the sample matrix. 

3. Definitions 
3.1. Sulfide:  Sulfide exists in a variety of states dependent upon pH and redox potential of the 

sample matrix.  Forms include hydrogen sulfide (H2S), bisulfide ion (HS-1), sulfide ion (S-2), and 
metal sulfide complexes which vary widely in their degree of solubility (generally pH dependent 
dissociation to bisulfide and metal ions).  Dissolved hydrogen sulfide (H2S) and bisulfide ion (HS-

1) exist in equilibrium dependent upon pH and ionic strength with gaseous H2S predominating at 
low pH.  Sulfide ion (S-2) is usually negligible due to the high dissociation constant for bisulfide 
to sulfide. 

3.2. Hydrogen Sulfide. Combines with metals to form slightly soluble metal precipitates.  Normally, 
these will respond to the acidic conditions used in the finish analyses to release the “acid soluble” 
sulfide into a measurable form (H2S).  Some metal complexes are virtually insoluble (copper and 
silver sulfides), will not respond to the test conditions and thus are not included in the definition 
of either Total or Dissolved Sulfide. 

3.3. Hydrogen Sulfide Gas. Toxic to humans, creates nuisance odors, and can lead to serious 
corrosion problems.  Dissolved hydrogen sulfide is toxic to aquatic organisms and partitioning 
into H2S and HS-1 is sometimes required to more closely define possible toxicity. 

3.4. Acid Volatile Sulfide.  The presence of various iron sulfides (mackinawite, Fe(II) monosulfide, 
greigite, Fe3S4 and some pyrite, FeS2) and the development of slightly soluble metal sulfide 
precipitates in anoxic sediments and sludge’s leads to the formation of a class of sulfides referred 
to as Acid Volatile Sulfides (AVS).  These are operationally defined by the conditions of extractive 
distillation.  Our AVS procedure follows Allen, et al. (1991).  AVS are significant since they are 
thought to influence the bioavailability of toxic metals in sediments.  Simultaneously Extracted 
Metals (SEM) in the digest solution are often determined to address the relationship between 
metals and sulfide in the sample being tested. Acid Volatile Sulfide (AVS) is defined as solid 
phase sediment sulfide which is released by extraction in hydrochloric acid (1 to 1.2 N HCl) at 
room temperature for 60 minutes.  Evolved H2S is trapped in Zinc Acetate solution.  The 
procedure described here for the extraction of AVS follows Allen, et al. 1991 (EPA Draft Method 
1991). 
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3.5. Dissolved (Soluble) Sulfide. Includes aqueous phase sulfide which remains in solution after 
suspended solids have been removed by flocculation and settling with aluminum chloride and 
sodium hydroxide.  Dissolved sulfide can only be determined on samples which have not been 
preserved with zinc acetate. 

3.6. “Total sulfide.” Includes dissolved soluble sulfides as well as most metal complexed sulfides 
with the exception of some highly insoluble forms (e.g. CuS, AgS, SnS2).  The analysis of total 
sulfide in solid phase samples (soils or sediments) is operationally defined by the procedure 
used to extract the sulfide from the sample matrix.  Extraction is conducted by acid distillation 
from the sample matrix, the main difference between the distillation procedures is the acid used 
for extraction, the pH of the extracting medium and temperature. Different conditions of 
distillation can lead to significant variations in the amount of sulfide released when different 
procedures are used on the same sample. PSEP is the least aggressive of the distillation 
protocol (pH 3 to 4) and should be expected to release the least amount of sulfide from the 
matrix.  Method 9030B is more rigorous (pH <1) and should provide a better estimate of the total 
acid soluble sulfide.  AVS uses a 1 to 1.2 N HCl extracting solution with a theoretical pH of 0 and 
should be the most acidic and aggressive of the distillation procedures. 

3.7. Puget Sound Water Quality Authority 1986 (PSEP) “Total Sulfide”.  This is the acidification of 
a sediment sample with pre-treated, concentrated hydrochloric acid to methyl orange pH (3.5 - 
4.5) with heated distillation (90ºC).  Our procedure is a modification of the original PSEP method 
using a bromophenol blue indicator (pH 3.0 - 4.6) and temperatures below the boiling point to 
avoid carry over of water into the zinc acetate trapping solution.  There is no specified time period 
for extraction but 60 minutes would be consistent with other extraction procedures. 

3.8. EPA SW-846 Acid Method 9030B (Acid Soluble Sulfide).  This procedure estimates total acid 
soluble sulfide as that sulfide released by sulfuric acid extraction at 70 ºC and a pH <1 for 90 
minutes.  It does not include the highly insoluble metal complexes.  Trapping is conducted in 
zinc acetate with formaldehyde added to prevent interference associated with other reduced 
forms of sulfur.  Iodometric titration is the prescribed finish analysis.  The ARI procedure is 
modified to use a colorimetric finish analysis hence removing the requirement for using 
formaldehyde in the trapping solution. 

3.9.  Preparation and Analytical batches.   Environmental samples that are prepared and/or 
analyzed together with the same process and personnel, using the same lot(s) of reagents.  

3.9.1. Preparation batch: Involves a sulfide distillation and is composed of one to twenty 
environmental samples of the same quality systems matrix, meeting the above mentioned 
criteria and with a maximum time between the start of processing of the first and last sample 
in the batch to be 24 hours.  The twenty environmental samples do not include method blanks, 
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LCS, matrix spikes or matrix duplicates.  At a minimum, each batch must include a Method 
Blank, a Laboratory Control Standard, and a Detection and Quantitation Limit (DQL) standard 
prepared at a concentration equal to the low curve point (0.05 mg/L) for colorimetric finish 
and/or the reporting limit (1 mg/L) for titrimetric analysis.   

3.9.2. Analytical batch: (i.e. just the colorimetric analysis or the titrimetric analysis) is composed 
of prepared environmental samples (extracts, digestates or concentrates) which are analyzed 
together as a group. An analytical batch can include prepared samples originating from various 
quality system matrices and can exceed 20 samples (NELAC 2007.  Quality Systems: General 
Requirements.  The NELAC Institute, V1M2 CLN_IS_122807, December, 2007).   

4. Interferences 
4.1. Sulfide is highly volatile and subject to rapid oxidation to elemental sulfur and sulfate.  Exercise 

care in the handling of samples to minimize atmospheric contact during all phases of the sub-
sampling and distillation procedures. 

4.2. Aqueous samples preserved with zinc acetate/sodium hydroxide will have the sulfide bound in 
a zinc sulfide precipitate.  This precipitate must be uniformly distributed throughout the sample 
bottle by gentle mixing prior to withdrawing the aliquot for analysis. 

4.3. Volatilization (even under anoxic conditions) can be particularly problematic for solid phase 
samples where sulfide is typically not uniformly distributed within the sample matrix and sample 
jar.  Try to mix the sample rapidly and within the original sample jar.  Highly variable replicate 
results and matrix spike recoveries can result.  Note any unusual characteristics in the 
appearance or smell of the sample (layers of different color, particularly black or red).  Loss of 
volatile sulfide will be immediately evident by the characteristic “rotten egg” smell and should be 
noted as a potential negative bias in the observed result. 

4.4. Highly calcareous sediments or soils (e.g. marine sediments containing shell fragments) will 
tend to neutralize the acid over the course of the distillation.  This is particularly a problem for 
AVS determination where there is no control or compensation for potential acid neutralization.  
PSEP distillation uses a pH color indicator to adjust acid addition and 9030B requires pre-
determination of the required acid volume.  AVS calls only for the addition of a set amount of 6N 
hydrochloric acid to achieve the final normality of 1.0 to1.2 (pH 0).  20 mL acid is added to 100 
-120 mL of sediment-water matrix (including the water content of the sediment). 

5. Safety 
5.1. The toxicity or carcinogenicity of each reagent used in this SOP has not been precisely defined. 

Treat each chemical compound as a potential health hazard. Reduce exposure to all chemicals 
to the lowest possible level by whatever means available. 
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5.2. Hydrogen sulfide gas is toxic to humans and creates nuisance odors.  Sediment extraction 
must be conducted in a fume hood. 

5.3. Always wear appropriate PPE (personal protective equipment) when working in the Laboratory. 
Gloves, safety glasses, ear protection, lab coats, respirators, face shields, and other safety items 
are provided for your protection. 

5.4. Environmental Samples may contain hazardous waste; treat them as potential health hazards. 
5.5. All sample waste must be disposed following the ARI Waste Management Plan. 
5.6. Dispose of all unwanted, broken glassware into a broken glassware disposal box. Inspect every 

piece of glassware. Do not use any that are chipped, cracked, etched, or scratched. Glassware 
with minor damage should be stored for repair. 

6. Equipment and Supplies 
6.1. Gas Evolution Apparatus (see Figure below). 

6.1.1. 250 mL, 3 neck distillation flasks, 24/40 ground glass joints (Kontes 606020-0624) 
6.1.2. Nitrogen gas inlet adaptor, 24/40 taper (Kontes 179700-0824) 
6.1.3. Outlet adaptor, 24/40 taper (Kontes 183000-2440) 
6.1.4. Acid addition funnel, 125 mL, 24/40 taper (Kontes 634580-0125) 
6.1.5. 125 mL gas washing bottles with straight glass frit (Wilmad LG-3761-100) 
6.1.6. Teflon sleeves for 24/40 ground glass joints (Fisher 14-320 F) 
6.1.7. Optional: Keck clips for 24/40 joints (Fisher CG14505) of each distillation unit. 

6.2. 6-place stirring / heating manifold for 250 mL flasks (Electrothermal, EME Series 
Electromantle). The control knob set points on each mantle giving temperatures of 70 and 90 °C 
in the reaction flask should be determined and marked for use in future distillations. 

6.3. Nitrogen gas cylinder with nitrogen regulator (10 psi maximum pressure). 
6.4. Oxygen trap for nitrogen supply (Altech Oxy-Trap AT4001 coupled with Indicating Oxy-Trap 

AT4004). 
6.5. pH meter and electrode 
6.6. Top loading balance (accurate to 0.001 gram) 
6.7. Environmental Express Vessels, 100 ml plastic graduated tubes with white screw cap. 
6.8. Weighing Paper, 3” x 3”. Fisherbrand Cat. No. 09-898-12A. 
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Figure. General setup for a Sulfide Distillation. 

7. Reagents 
7.1. Deoxygenated Reagent Water.  Some reagents and all sample dilutions should be made with 

deoxygenated / deionized water (DDIW).  A sufficient volume (enough to last for the days use) 
should be prepared daily by purging with an inert gas (e.g. helium or nitrogen) for at least 20 
minutes.  Keep the container tightly closed and open only when needed.  This nitrogen purged 
water will also be used as a dispersing medium for distillation, as required. 

7.2. Zinc acetate for preservation (2N = 1M):  Dissolve 220 g Zinc acetate (Zn(C2H3O2)2•2H2O, FW 
= 219.49) in 800 mL DI and dilute to final volume of 1000 mL with DI.  Store in polyethylene or 
glass bottle. 

7.3. Zinc acetate trapping solution (0.2N = 0.1M): Add 5 ml of 6N NaOH and 20 ml of Acetic Acid 
to 200 ml of 2N Zinc Acetate solution and dilute to 2 liters. 

7.4. Sodium Hydroxide (1 M = 1N):  Dissolve 40 grams NaOH in DI water and dilute to 1 liter.  Store 
in a polyethylene bottle. 

7.5. PSEP Distillation Reagents. 
7.5.1. Hydrochloric acid (HCl, treated): In a fume hood, carefully place one or two strips of 

aluminum foil in a beaker containing 250 mL concentrated HCL (vigorous reaction).  After 
reaction, decant HCL to a separate bottle for use with PSEP distillations. 

7.5.2. Zinc acetate trapping solution (Section 7.4) 
7.6. 9030B Reagents 



 

Analytical Resources, Incorporated 
Analytical Chemists and Consultants 

 

SOP 640S Page 9 of 22 Version 006 
Sulfide Preservation & Distillation Uncontrolled Copy When Printed 11/30/16 

7.6.1. Sulfuric acid (H2SO4 concentrated):  Use for adjusting distillation to pH ≤ 1 in 9030B 

distillation. 
7.6.2. Zinc acetate trapping Solution (Section 7.4).  Formaldehyde called for in the method is 

omitted because ARI use a colorimetric finish rather than the iodometic titration called for in 
the method. 

7.7. AVS Reagents 
7.7.1. Hydrochloric acid (6M):  Carefully, and with mixing, add 500 mL conc. HCl to 400 mL DI 

then bring to a final volume of 1000 mL.  Purge with nitrogen for 1 hour prior to use.  If used 
for AVS/SEM extraction, use ultrapure HCl.  If only AVS, use our standard HCl. 

7.8. Aluminum chloride (AlCl3•6H2O, Fisher S75023): Aluminum chloride hexahydrate will rapidly 
accumulate water and become caked.  Purchase in 100 gram bottles (Fisher S75023) and use 
the complete 100 grams each time a solution is prepared.  Dissolve the contents of the bottle in 
144 mL of reagent water. 

7.9. Sodium hydroxide (NaOH, 6M):  Dissolve 120 grams NaOH in 300 mL reagent water.  
CAUTION: NaOH solution will get hot! Cool and dilute to 500 mL.  Store in a plastic bottle. 

7.10. Sodium sulfide Standards: Sodium sulfide standards are required for batch and matrix quality 
control during distillation (LCS and matrix spikes).  Sulfide standards cannot be accurately 
weighed.  Prepared solutions must be standardized by iodometric titration before use.  
Instructions for doing this are contained in the Sulfide, Iodometric Titration SOP. 

8. Sample Collection, Preservation, Shipment and Storage 
8.1. Samples for “Total Sulfide” must be preserved at the time of collection.  Unless the requested 

analysis is for soluble or dissolved sulfide, preservation of aqueous samples is accomplished in 
the field by the addition of zinc acetate resulting in the formation of slightly soluble zinc sulfide 
(a white colored precipitate).  The pH of the sample must also be adjusted to greater than 9 with 
sodium hydroxide.  Sample bottles sent out to clients will contain the required volume of 2N zinc 
acetate (2 mL of 2N /500 mL sample volume).  To avoid the transport and usage of caustic 
chemicals by field personnel, sodium hydroxide is added once the samples are returned to the 
laboratory.  Upon receipt in the laboratory, the samples are adjusted to pH >9 using 6N sodium 
hydroxide.  The lab must verify that the sample bottle is labeled “zinc acetate” and that the pH is 
greater than 9.   Laboratory personnel will add zinc acetate and sodium hydroxide as necessary. 

8.2.  Analysis should proceed as soon as possible after collection.  The regulatory holding time for 
analysis is 7 days from the date of collection (EPA 2012, 40 CFR Part 136.3, Identification of 
Test Procedures, Table II).  Standard Methods (SM1060 Table 1) allows a 28 day holding time 
for preserved samples while recognizing the regulatory holding time of 7 days. 
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8.3. Analysis for “Dissolved Sulfide” can only be conducted on samples which have not been 
preserved and should be run within 24 hours of collection. 

8.4. Sediment samples can be collected in either glass or plastic jars.  These can be preserved by 
addition of 2N zinc acetate over the surface (2 mL / 2 oz jar) but the efficiency of this treatment 
is unknown (Plumb, 1981).  Sediment and waste samples should be transported to the lab on 
ice and stored at 4 ºC.  Plumb, 1981 does not specify a holding time other than “as soon as 
possible”.  Standard Methods (4500-S2- A.3, Sampling and Storage) states that analysis should 
be conducted within 14 days. ARI standard procedure is to analyze within 7 days. 

8.5.  AVS samples should be filled with minimal head space and stored at 4 ºC.  The maximum 
holding time for AVS sulfide is 14 days. 

8.6. Solid samples require homogenization prior to sub-sampling the aliquot for analysis.  Sulfide 
can rapidly volatilize during mixing hence the mixing should be done quickly and within the 
original sample container just prior to withdrawing the aliquot for analysis.  Note any unusual 
characteristic or occurrence that could bias the sample result (e.g. if a sulfide odor is noted during 
the homogenization indicating that sulfide is being volatilized and the result will have a low bias).  
If possible, samples for Total Solids analysis should be taken after the aliquot for sulfide 
determination has been withdrawn. 

8.7. All samples within a sulfide job should be analyzed the same way, either as preserved or 
unpreserved for each matrix set to not compromise data.  

9. Quality Control (Essential QC components following 40 CFR Part 136.7, May 18, 2012, EPA 2012 

Method Update Rule). 
9.1.   Demonstration of Capability.  Each analyst performing this procedure must complete an initial 

“Demonstration of Capability” by preparing and analyzing 4 replicates of a QC Check Solution 
through distillation procedure.  The recovery (Accuracy) must be within the range of ±10% with 
a relative standard deviation (Precision) less than 1%. 

9.2.  Method Detection Limit.  The detection and quantitation limits for the methods are determined 
following the procedures described in ARI SOP 1018S 

9.3. Laboratory Reagent Blank (Method Blank). Used as a Negative Control to verify the absence 
of contamination.  Negative control is provided by a preparatory Method Blank.  The preparatory 
Method Blank consists of DI water that has been processed along with and under the same 
conditions as associated samples.  One Method Blank is processed along with each analytical 
batch of 20 samples.  Ottawa sand should be used in conjunction with DI water for the solid 
phase method blank.  
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9.4. Laboratory Fortified Blank (Blank Spike or Laboratory Control Sample).  Used as a Positive 
Control for the recovery of known additions.  Positive control is provided by the analysis of a 
Laboratory Control Standard (LCS) which is equivalent to a laboratory fortified blank.  The 
Laboratory Control Standards are processed exactly the same as the samples in the associated 
analytical batch.  The LCS is spiked with sulfide solution which has been standardized by 
iodometric titration.  This standard is used to verify recovery through all steps of the batch 
analysis. 

9.5. Matrix Spike (MS) and Matrix Spike Duplicate (MSD).  Matrix spikes will be run for each of 1 in 
20 client samples (5% spiking) or as requested by the client.  These spikes will be used to 
evaluate the accuracy (% Recovery) of the analysis relative to the sample matrix.  Spiking will 
be at a level in the range of 1 to 10 times the sample background or at a minimum of 0.5 mg/L 
(10 times the low curve point). MSD’s for the evaluation of the precision of the analysis (Relative 
Standard Deviation, RSD) will be run upon request of the client.  Otherwise, precision of the 
analysis will be evaluated by the duplicate analyses. 

9.6. Matrix Duplicates and Matrix Triplicates: Matrix duplicates will be run for each of 1 in 20 client 
samples (5%) or as requested by the client. Triplicates may be run at client request. These 
samples will be used to evaluate the variability of the sampling and analysis for a given sample 
matrix. 

9.7.  Internal Standards and Surrogate Standards are not applicable to colorimetric sulfide analysis.  
9.8. Control charts for trend analysis.  Control charts for the analysis of the Method Blank and LCS 

will be constructed and updated monitor method performance. 
9.9.  QC samples will be run with each batch of samples as defined above. 

10. Calibration and Standardization 
10.1. Analytical balances are verified each day using routine ARI balance verification procedures 

specified in ARI SOP 1003S Balance Monitoring, and recorded in a logbook. 
10.2. Volumetric devices are verified using routine ARI procedures for verification of volumetric 

equipment, see SOP 1015S, Pipette Verification. 
10.3. Class A volumetric glassware is used and volumetric vessel tubes are certified by the 

manufacturer for volume accuracy.  
10.4. Sulfide standards used for the preparation of Laboratory Control Standards and matrix spiking 

are standardized using iodometric titration as described in SOP 650S, Sulfide Titration.  

11. Procedure 
11.1. Total Aqueous Sulfide.  This procedure is for the measurement of total sulfide in turbid or 

highly colored aqueous samples.  If the sample is not highly colored, excessively turbid or does 
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not contain reducing substances which might interfere with the analysis (e.g. thiosulfate, sulfite) 
proceed directly to either the iodometric titration (SOP 650S) or the methylene blue colorimetric 
technique (SOP 653S).  The described method will measure dissolved and most complexed 
sulfides with the exception of some highly insoluble metal sulfides (notably copper, tin and silver 
complexes). 

11.1.1. In general, if the sample is turbid, highly colored or known to contain thiosulfate or sulfite, 
pre-treatment to remove interferences will be necessary.  Pre-treatment could be either further 
precipitation of sulfide or distillation and trapping in zinc acetate. Note: ARI typically distills as 

the preferred pre-treatment for these types of samples.  
11.1.2. The sample should have been preserved with zinc acetate at the time of collection 

resulting in the formation of a white zinc sulfide precipitate.  If an ARI bottle was used for 
collection, the bottle should be labeled as "Total Sulfide preserved with ZnOAc".  If the sample 
has not been preserved (e.g. samples collected for soluble sulfide), add 2N zinc acetate (2 
mL per 500 mL of sample) and adjust to pH >9 using 1M NaOH.  Preserved samples must be 
analyzed within 7 days of sampling. 

11.1.3. Precipitation to remove color and or turbidity.  
11.1.3.1. This procedure can be used as an alternative to ARI’s preferred pre-treatment by 

distillation. 
11.1.3.2. If the sample is highly colored or turbid, precipitate the sulfide with additional zinc 

acetate and adjust to pH >9. 
11.1.3.3. Mark the sample bottle to indicate the "original sample volume" and add an additional 

3-4 drops of 2N zinc acetate. 
11.1.3.4. Adjust to pH >9 by dropwise addition of 1M NaOH and allow precipitate to settle for 

30 minutes. 
11.1.3.5. Decant or siphon as much of the supernatant solution as possible without losing any 

of the precipitate and refill to the "original volume" mark with deoxygenated water. 
11.1.3.6. If the sample is still colored or turbid, adjust the pH as necessary and repeat the 

precipitation.  Again decant or siphon the supernatant and refill to the "original volume" 
mark. 

11.1.3.7. If the solution is now clarified, proceed to either the titrimetric or colorimetric analysis 
on the treated sample.  If the level of the precipitate cannot be clearly distinguished or if the 
sample does not clarify after two repeated precipitations, proceed to the 9030B distillation 
procedure for releasing the sulfide and trapping it in zinc acetate. 
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11.1.3.8. Precipitation to concentrate the sulfide.  This same procedure can be used to 
concentrate the sulfide in a low level sample by bring the volume back to a level less than 
that of the original sample. 

11.2. Soluble (dissolved) Aqueous Sulfide. 
11.2.1. This procedure is for dissolved or soluble sulfide in unpreserved aqueous samples.  

Samples for dissolved sulfide must be prepared on the day of sample collection or preserved 
in lab with zinc acetate for preparation the next day.  The described procedure will measure 
dissolved sulfides which remain in solution after precipitation of particulate materials and 
complexed metal sulfides with aluminum chloride and sodium hydroxide.  If the sample is free 
of turbidity and particulate materials, there is generally no need to run the precipitation and 
dissolved sulfide will equal total sulfide as determined by either colorimetric or titrimetric 
procedures.  If the sample is turbid or contains particulate materials or precipitates (potential 
source of complexed sulfides), these must be removed by flocculation-precipitation with 
aluminum chloride at an alkaline pH (pH 6-9).  Precipitation is carried out in a 300 mL BOD 
bottle.  Use care in transferring solutions to minimize aeration of the sample. 

11.2.2. Add 0.6 mL 6M NaOH solution to a 300 mL BOD bottle.  Carefully fill the bottle with 
sample using minimum agitation and entrapping no air bubbles. 

11.2.3. Add 0.6 mL AlCl3 solution, place stopper in bottle (NO AIR BUBBLES !!) and mix by 
repeatedly inverting the bottle for 1 minute.  Additional reagent may be added if absolutely 
necessary to effect flocculation and precipitation.  Solution pH must be maintained between 6 
and 9. 

11.2.4. Allow precipitate to settle for 5-15 minutes or until a clear supernatant can be drawn off 
for analysis.  Remove the clarified supernatant as soon as is practically possible.  Do not allow 
extended settling times !! 

11.2.5. Proceed immediately with the analysis of sulfide using either iodometric titration (for high 
levels) or the colorimetric procedure. 

11.2.6. The analyst must clearly identify that aluminum chloride precipitation has been used.  
Indicate this on an “Analyst Notes Sheet” along with an additional comment on the actual 
benchsheet used for finish analysis. 

11.3. Distillation Procedures.  Distillation / extraction is required for all solid phase samples and 
for those aqueous samples which are highly colored or turbid.  Three different procedures for 
the distillation of sulfide in aqueous and/or solid phase samples are available.  The 
characteristics of the three distillations are shown in Table 1. 

11.3.1. For practical application, the procedures have been modified for the use of equivalent 
glassware in all three methods while retaining the basic chemical and timing conditions 
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required for each.  The procedures have been scaled for the use of a 250 mL reaction flask in 
line with a 125 mL fritted gas washing bottle.  Notable differences in the procedure are: 
11.3.1.1. The 9030B acid soluble distillation requires a pre-determination of the acid addition 

necessary to achieve the specified pH conditions (pH <1). 
11.3.1.2. The AVS distillation requires knowledge of the water content of the field moist 

sediment so that the normality of the acid in the dispersing medium will be equivalent for 
all samples. 

11.3.1.3. The PSEP procedure does not discuss the need for dispersing the sample aliquot in 
the reaction flask. 

11.3.2. The need for dispersing the sample aliquot in the reaction flask is discussed in 9030B and 
is generally applicable to all three procedures. 9030B states, “For an efficient distillation, the 
mixture in the distillation flask must be of such a consistency that the motion of the stirring bar 
is sufficient to keep the solids from settling.  The mixture must be free of solids that could 
disrupt the stirring bar.” 

11.3.3. The determination of dry weight is required for all solid samples.  In general, this should 
be conducted after the sample aliquot has been taking for distillation (avoiding loss due to 
volatilization).  First, gently homogenize the sample and examine for the presence of coarse 
elements that are not representative of the overall nature of the sample.  Such elements can 
interfere with the stirring of the sample during the distillation and should not be included in the 
aliquot taken for distillation.  Consult with the PM and remove such elements from the sample 
jar to achieve a more homogeneous matrix.  Document such removal on the “Analysts Notes 
Sheet”. 

 
Table 1.  Characteristics for sulfide distillation methods 

 AVS 9030 B PSEP ARI 
Reaction Flask 

(mL) 250 500 1000 250 

Gas trap 
2 X 100-250 mL 

impingers with non-
fritted outlets 

125 mL gas washing 
bottle, fritted outlet 

100 mL Nessler 
tubes 

125 mL  gas 
washing bottle, 

fritted 

Absorbent 0.2 N (0.1M) zinc 
acetate 0.2 N (0.1M) zinc acetate 0.2 N (0.1M) zinc 

acetate 
0.2 N (0.1M) zinc 

acetate 
Absorbent 

Volume 2 x 80 mL 115 mL 20 mL 50 mL 

Dispersing 
water 

100 mL including 
sediment water content 200 mL Not defined 100 mL 

Nitrogen purge 
(1) 10 min @ 100 ccm Not defined 10 min  

Sample wt 2 – 10 grams 0.2 to 50 mg sulfide but 
< 25 grams total weight 

Aliquot containing < 
50 µg sulfide 

0.5 to 10 grams 
dependent upon 

sample 
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Nitrogen purge 
(2) 10 min @ 40ccm 15 min @ 25 ccm Not defined 10 min 

Extraction acid 6M HCl, de-aerated H2SO4 conc Aluminum treated 
HCL conc as per method 

Acid volume 20 mL Pre-determined + 10 mL To methyl orange 
pH (3.1 – 4.4) 

as per method 
except use of 

bromphenol blue in 
PSEP and 10 ml for 

9030B. 
Acid 

concentration 1M or pH < 1 pH ≤ 1 pH < 3.1 as per method 

Temperature Ambient 70 °C 90 °C 
as per method 

except PSEP is 90 
°C 

Time 1 hour @ 20 ccm 90 min @ 25ccm Time to 20 mL 
distillate (60 min) 

as per method 
except PSEP is 60 

min 
 

11.3.4. Distillation Log Book.  Documentation of the distillation conducted for each sample in a 
batch is provided by manual entry of the appropriate data to the Sulfide Distillation Log book 
(ARI 6171F).   This form must be completed for each distillation batch at the time the sample 
processing is being conducted.  A distillation batch should not include more than one 
distillation method. Distillation pre-treatment is required for 9030B to determine acid addition 
required to attain target pH.  A pre-treatment bench sheet is available for printing as needed. 
11.3.4.1. Sediment and soil samples may vary in their ability to react with and neutralize the 

acid added during the distillation.  The 9030B acid soluble distillation requires a pre-
determination of the acid addition necessary to achieve the specified pH conditions (pH <1) 
for individual samples such that all samples will be reacted under equivalent pH conditions. 

11.3.4.2. PSEP calls for the use of a color indicator to determine a pH <3 in the reaction flask. 
11.3.4.3. Pre-treatment: For 9030 B, volume required must be pre-determined by taking an 

aliquot of the sample equivalent to that which will be used for the extraction, placing it in a 
beaker and adding DI water to a total volume of 100 mL. Stir and measure the pH. Add 
concentrated H2SO4 to achieve a pH <1. Note the volume of acid required. Add this pre-
determined volume of acid plus an additional 5 mL to the addition funnel. The same 
procedure is used for turbid aqueous samples. 

11.3.5. General Set-up.  Assemble the 6 place heating/stirring mantle, glassware (three neck, 
250 mL reaction flask, nitrogen inlet adapter, outlet adapter, acid addition funnel) and nitrogen 
gas train.  Close nitrogen valves to the individual reactors and verify the following conditions. 
11.3.5.1. The nitrogen tank pressure is less than or equal to 10 psi. 
11.3.5.2. The Oxytrap and indicating column are installed in the gas line and are in good 

condition.  The indicator color should be a beige-green; a dark brown color indicates an 
exhausted column and the column should be replaced. 
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11.3.5.3. All 24/40 ground glass joints should have Teflon® sleeves installed.  The sleeves 
should be clean and in good condition. 

11.3.5.4. Rinse each reaction flask with DI water to remove any acid residue and place a 
magnetic stir bar in each flask. 

11.3.5.5. The nitrogen gas inlet tube extends close to the bottom of the reaction flask 
(sufficient to extend below the surface of the liquid which will be added to the flask) but not 
so as to interfere with the movement of the stir bar. 

11.3.5.6. Sulfide Gas Traps.  Obtain the required number of gas washing bottles and 
thoroughly rinse each three times with DI water.  Clean the frit by forcing pressurized DI 
water directly from the faucet through the frit tubing.  If you detect a sulfide odor during the 
rinsing process, repeat the rinse (using 0.1N HCl if necessary) until no such odor is 
observed.  The final rinse must be with DI water to remove any acid residuals. 

11.3.5.7.  If a samples appears to have a high level of sulfide (black, smelly sediment), it is 
advisable to place two sulfide traps in sequence in order to avoid loss of sulfide due to 
saturation in the first trap.  Carry over of sulfide to the second trap would be evident by the 
appearance of zinc sulfide cloudiness in the second trap.  The contents of the two traps 
would be combined for the finish analysis. 

11.3.5.8. Extraction Acid. Before connecting distillationflask or acid trap add about 60 mL of 
the required acid to each addition funnel and purge with Nitrogen gas for 10 minutes. 
11.3.5.8.1. PSEP.  Aluminum foil treated HCl (reagent 7.4.1).  Add 60 mL of extracting acid 

to each acid addition funnel.  Addition volumes will be based upon changes in the 
Bromphenol Blue color indicator during the course of the extraction.  The change will be 
from a dark blue to yellow at pH < 3.  20 mL of concentrated acid should be sufficient 
for most samples. 

11.3.5.8.2. 9030 B.  Concentrated H2SO4. 
11.3.5.8.3. AVS.  6N HCl (reagent 7.6.1).  Add 20 mL of extracting acid to each acid 

addition funnel. 
11.3.5.9. Add enough 0.2N zinc acetate (reagent 7.4.2) to completely cover the frit of each 

gas washing bottle. Verify that the glass frit is below the surface of the absorbent. 
11.3.5.10. Add 2 drops of bromophenol blue indicator (the color should be dark blue)  If the 

color is green or yellow, acid is present in the flask.  In this case, add a few drops of 1N 
NaOH, disassemble and rinse the apparatus to remove all traces of acid. 

11.3.5.11. Connect all system components (nitrogen inlet, acid addition funnel and outlet to 
gas traps) after the dispersing water has been added to the reaction flask.  Turn on the 
nitrogen supply to the individual reaction flasks by unclamping the acid funnels and 
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clamping the frits with the acid funnel side arms turned open. The acid chamber should be 
bubbling and adjust nitrogen to equalize the gas bubbling rate within each gas trapping 
bottle (approximately 5 bubbles /sec).  Check each ground glass joint of acid funnel with 
"Snoop" solution to verify the absence of leaks. Purge at least 10 minutes.  Close off the 
nitrogen supply to the addition funnel by switching the pinch clamp from the frit and 
replacing it on top of the acid funnel with the side arm closed, then allow the system to 
purge through the reaction flask for at least 10 minutes. 

11.3.5.12. Withdraw the Sample for Analysis.  While the system is purging, open the sample 
jar and gently homogenize to obtain a uniform consistency and incorporation of any 
overlying liquid.  In consultation with the PM, remove any coarse elements that are not 
representative of the sample.  Document such removal on the ‘Analysts Notes Sheet’ so 
that it will be plainly evident to ARI< Project Manager. 

11.3.5.13. Using the top loading balance, weigh out an aliquot of the homogenized sample 
onto a piece of tared dissolvable weighing paper (2 to 10 grams, 5 would be most 
appropriate but do not use less than 2 unless you are certain that sulfide levels are very 
high).  Record the sample weight to 0.001 grams on the Sulfide Distillation Log. 

11.3.5.14.  Fold and quickly transfer the weigh paper and contained sample to the reaction 
flask using the outlet port.  Insure that all sample gets transferred and that no grit, sand or 
mud adheres to any portion of the ground glass joint or Teflon sleeve.  It is important that 
no grit particles are lodged within the joint as this will result in gas leaks and low recoveries  

11.3.5.15. Dispersing water. Add 100 mL de-oxygenated water to each reaction flask to wash 
the sample completely into the flask, out of the weight paper, and to ensure glass joint is 
free of grit. 

11.3.5.16.  Close the system by inserting the frit back into the reaction flask and keeping the 
side arm of the acid addition funnel closed to allow the system to purge through the reaction 
flask for an additional 10 minutes.  During this time, verify that the nitrogen inlet tube is 
below the surface of the liquid in the reaction flask.  Adjust the flow of nitrogen to achieve 
a comparable bubbling rate in all gas washing bottles.  Again, you should check all ground 
glass joints with "Snoop" solution to verify the absence of leaks. 

11.3.5.17.  Timing and Temperature.  While the system is equilibrating prior to acid addition, 
turn on the magnetic stirrers and heating units as required.  Use the pre-determined set 
points (70 and 90 °C) for temperature control.  All distillations should be constantly stirred 
at a rate that does not create an excessive vortex in the reaction flask, but sufficient enough 
to keep material suspended.  Temperature regimes and timing will vary as shown in the 
table below 
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11.3.5.18. Table 2.  Temperature and Timing Conditions. 

Distillation Temperature (ºC) Time (minutes) 
PSEP 90 60 

9030 B 70 90 
AVS ambient 60 

 
11.3.5.19. Once the system has equilibrated to the proper temperature and you have 

confirmed the absence of leaks, open the acid addition funnel to slowly release the acid 
into the reaction flask.  Begin timing the extraction according to the table above. 

11.3.5.20. At the end of the extraction period, quantitatively transfer the zinc acetate trapping 
solution to a 100 mL Environmental Express vessel, rinsing all trapping solution out with 
0.2N zinc acetate, then bring to 100 ml volume.   If two traps were used, combine the 
contents of each and make up to a known volume (150 – 200 mL).  Make sure you have 
entered the final trap volume on the distillation log.  The sample is now ready for analysis 
using either the colorimetric or titrimetric finish procedure. 

12. Review 
12.1. Not applicable 

13. Data Analysis and Calculations 
13.1. Not applicable 

14. Method Performance 
14.1. Not applicable 

15. Pollution Prevention 
15.1. The procedures discussed in this SOP generate wastes which are hazardous for the 

characteristic of Corrosivity (RCRA Code D002).  These wastes will be collected in a satellite 
accumulation container and neutralized prior to sink discharge. 

15.2. These procedures may also result in the generation and identification of aqueous wastes 
having sulfide concentrations in excess of 10 mg/L. These will be collected and treated to oxidize 
contained sulfide prior to sink discharge. 

16. Data Assessment and Acceptance Criteria for QC Measure 
16.1. Not applicable 

17. Corrective Actions for Out of Control Events 
17.1. A sample should be re setup for distillations for any of the following problems: 
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17.1.1. If a leak is detected in the glass joints (not tight fit, or lack of bubbles in reaction flask) 
then the sample should be re setup and the leaking sample should be discarded.  

17.1.2. If it is noticed that the reaction flask lacks a stir bar, or the heat is not turned on then the 
sample should be re setup. 

17.1.3. If the trapping solution is knocked over after distillation than the sample must be reset for 
distillation. 
17.1.3.1. If the sample is prepped the same day then another method blank or LCS is not 

required for the distillation setup.  
17.1.4. If the trapping solution is brought up to a volume over 100 mls, than the excess volume 

is taken out using a pipette to determine the exact final volume.  
17.2. If the samples will not be analyzed the same day than the environmental express vessels 

containing transferred sample and the standard may be kept in the refrigerator over night. All 
must be removed in the morning and brought to room temperature before continuing with 
analysis.  

17.3. Record any corrective actions taken on the Yellow Corrective Action form.  

18. Contingencies for Handling Out-of-Control or Unacceptable Data 
18.1. Not applicable 

19. Waste Management 
19.1.  Reaction flask solutions are acidic wastes (pH <2) and should be collected for neutralization 

and sink discharge. 
19.2.  Trapping solutions are caustic (pH >12) and should be collected and neutralized for sink 

discharge. 
19.3. Samples and distillates having sulfide concentrations in excess of 10 mg/L (ppm) should be 

collected and treated with bleach to oxidize container sulfide prior to sink discharge. 

20. Method References 
20.1. Standard Method for the Examination of Water and Wastewater On-Line, 2001.  4500-S2- 

Sulfide. 
20.2. EPA  2012.  40 CFR Part 136.  “Guidelines Establishing Test Procedures for the Analysis of 

Pollutants…”.  Federal Register Friday, March 18, 2012. 
20.3. EPA  SW-846. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods.  

Method 9030B.  Acid Soluble and Acid Insoluble Sulfides: Distillation. 
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20.4. Allen, et al.,1991.   Determination of Acid Volatile Sulfide and Selected Simultaneously 
Extractable Metals in Sediment.  EPA 821-R-91-100. Draft Analytical Method for Determination 
of Acid Volatile Sulfide in Sediment. 

20.5.  Plumb, R. 1981.  PROCEDURES FOR HANDLING AND CHEMICAL ANALYSIS OF 
SEDIMENT AND WATER SAMPLES.  Technical Committee on Criteria for Dredged and Fill 
Material.   Environmental laboratory, US Army Engineers Waterways Experiment Station. 
USEPA/USACOE AD/A103 788. 

20.6. PSEP 1986.  Conventional Sediment Variables.  Total Sulfides.  Recommended Protocols for 
Measuring Conventional Sediment Variables in Puget Sound.  USEPA and Puget Sound Water 
Quality Authority.  Modified 2003. 

20.7. 40 CFR Part 136, Guidelines Establishing Test Procedures for the Analysis of Pollutants, 
Appendix B.  Definition and Procedures for Determining the Method Detection Limit. 

20.8. TNI Interim Standard.  2007.  Volume 1, Module 4:  Chemical Testing.  The NELAC Institute.  
December 28, 2007 

20.9.  FACDQ10-13.  2007.   DQFAC Single Laboratory DL-QL Procedure (version 2.4). 8/30/2007 

21. Appendices 
21.1. Sulfide Distillation Log 
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Appendix 22.1 Sulfide Distillation Log 
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21.2. Sediment / soil or highly turbid aqueous samples are acidified under anoxic conditions to 
release sulfide from the matrix as H2S. The released H2S gas is then trapped in either zinc 
acetate or sodium hydroxide solution to precipitate sulfide (as zinc or sodium sulfide).  Finish 
analysis is conducted on the trapping solution.  Three distillation procedures are available:  SW-
846 Method 9030B (Acid Soluble), PSEP 1986, and Acid Volatile Sulfide (AVS).  These vary 
primarily in the pH and temperature conditions under which the distillation is conducted and do 
not necessarily release equivalent amounts of sulfide. 
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Sulfide analysis
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x-4,o=8)

98�8)no43)(p*)43)x24==-5)=.)q.5/.2>)=.)=o-)2-st42->-5=3)./)(=+5;+2;)�-=o.;3).5�:45-)~o+u=-2)0Q�68))

no-)3u-q4/4q)>-=o.;3)+5;)=o-).:;-2)�*�)-st4r+:-5=3)+2-)3o.x5)45)=o-)/.::.x45,)=+w:-8)

Uihk�mgR �hm�l�R [ZURb���R
Smhijh�jR�gm�ej�Rei�

kligR

n.=+:)(.:4;3)zn(�96&�96Q�~|) �+=-2) 9%68&) 0Q�6)��'�)

n.=+:)<433.:r-;)(.:4;3)zn<(�976�~|) �+=-2) 9%689) 0Q�6)~�'�)

n.=+:)(t3u-5;-;)(.:4;3)zn((�96&�96Q�~|) �+=-2) 9%680) 0Q�6)<�'�)

�4�-;)+5;)1.:+=4:-)(.:4;3)zn1(�QQ6�~|) �+=-2) 9%68�) 0Q�6)��'�)

(-==:-+w:-)(.:4;3y)1.:t>-=24q) �+=-2) 9%68Q) 0Q�6)��'�)

n.=+:y)�4�-;)+5;)1.:+=4:-)(.:4;3) (.:4;) ) 0Q�6)��'�)

�cRS���h��Re�Rm�gRZ�edgj��gR

0898)�5+:v343)43)u-2/.2>-;)wv)+)q.>w45+=4.5)./)-r+u.2+=4.5y)/4:=2+=4.5y);2v45,)+5;)q.>wt3=4.5)

=-qo54st-3)/.2)�5.x5)r.:t>-3)./)3+>u:-)x4=o);42-q=)x-4,o45,)./)=o-)2-34;t-)2-3t:=45,)/2.>)+5v)

q.>w45+=4.5)./)=2-+=>-5=38))<2v45,)43),-5-2+::v);.5-)+=)96��~)z960)=.)96%)�~|)=.)2->.r-)+::)=2+q-3)

./)x+=-2)wt=)o4,o-2).2):.x-2)=->u-2+=t2-3)>+v)w-)2-st42-;)/.2)3.>-)/2+q=4.53)z-8,8)n<(y)np~|)=.)
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%&'() *+,-).)/0)11) 2-345/6)7789:)
(/;5<4)=->-3?56+>5/6) @ABCADECFFGHIJCKLIMNGAIOEPADGHI &Q1&Q:RI

+44S3-)>T+>)+;;)U+>-3)T+4)V--6)3-?/W-<)/3)>T+>)X/?Y/6-6>4)/0)56>-3-4>)T+W-)6/>)V--6);/4>)>T3/S,T)

W/;+>5;5Z+>5/69[

1919)\,65>5/6)/3)X/?VS4>5/6)/0)<35-<)3-45<S-)54),-6-3+;;])Y-30/3?-<)+>)RR7̂_)UT5XT)54)4S005X5-6>)>/)

W/;+>5;5Z-)/3,+65X4)̀+6<)4/?-)56/3,+65X4a);-+W56,)V-T56<)+6)56/3,+65X)+4T)3-45<S-9))bT-);/44)/6)

5,65>5/6)̀cd\e)>T-)<500-3-6X-)V->U--6)>T-)<35-<)3-45<S-)+6<)>T-)+4T)3-45<S-a)>TS4)Y3/W5<-4)+6)

-4>5?+>-)/0)>T-)+?/S6>)/0)/3,+65X)?+>>-3)̀>T-)W/;+>5;-)4/;5<4a)/35,56+;;])Y3-4-6>)56)>T-)4+?Y;-9[

19&9)(/5;)+6<)4-<5?-6>)4+?Y;-4)+3-)S4S+;;])<35-<)+>):7.̂_)̀:71)>/):7%)̂_a)56)/3<-3)>/)Y3/W5<-)+6)

-4>5?+>-)/0)>T-)?/54>S3-)X/6>-6>)̀+6<)X/6W-34-;]e)>T-)Y-3X-6>)4/;5<4a)/0)>T-)03-4T)4+?Y;-)4SXT)>T+>)

>T-)560;S-6X-)/0)W+35+V;-)U+>-3)X/6>-6>)03/?)4+?Y;-)>/)4+?Y;-)?+])V-)6/3?+;5Z-<)/6)+)<3])U-5,T>)

V+4549))=35-<)4/5;)+6<)4-<5?-6>)4+?Y;-4)?+])+;4/)V-)5,65>-<)+>)RR7̂_)56)/3<-3)>/)-4>5?+>-)>T-)

/3,+65X)?+>>-3)X/6>-6>)̀W/;+>5;-)4/;5<4a9[

19.9)bT-)fgX-;)V-6XT4T-->4)U5;;)+S>/?+>5X+;;])Y-30/3?)?/4>)/0)>T-)X+;XS;+>5/64)0/3)>T-)W+35/S4)

Y+3+?->-349))h/>-i)X+;XS;+>56,)X-;;4)̀59-9)>T/4-)X/6>+5656,)0/3?S;+4a)/6)>T-)V-6XT4T-->4)+3-)

T5,T;5,T>-<9))j5>T)>T-)-gX-Y>5/6)/0)X-;;4)0/3)>T-)-W+;S+>5/6)/0)X/64>+6>)<3])U-5,T>e)>T-4-)T+W-)V--6)

Y3/>-X>-<)>/)Y3-W-6>)+;>-3+>5/6)/0)X/6>+56-<)0/3?S;+49[

kl[mnopqprpsqt[

&9:9)b/>+;)(/;5<49)̀b(ai)bT-)>/>+;)U-5,T>)/0)+;;)4/;5<)?+>-35+;4)̀<544/;W-<)+6<)Y+3>5XS;+>-a)X/6>+56-<)Y-3)

S65>)U-5,T>)/3)W/;S?-)/0)4+?Y;-9))u/3);5vS5<4e)5>)54)>T-)3-45<S-)3-?+5656,)+0>-3)-W+Y/3+>5/6)/0)+)

w6/U6)W/;S?-)/0)T/?/,-6-/S4)S605;>-3-<)4+?Y;-)-gY3-44-<)56)S65>4)/0)?,Qc9))u/3)4/5;4)/3)

4-<5?-6>4e)5>)54)>T-)U-5,T>)3-?+5656,)+0>-3)<3]56,)+)w6/U6)U-5,T>)/0)4+?Y;-e)S4S+;;])-gY3-44-<)+4)

+)Y-3X-6>9)

&919)b/>+;)2/;+>5;-)(/;5<4)̀b2(ai)bT54)54)>T-)U-5,T>)/0)4/;5<)?+>-35+;);/4>)SY/6)5,65>5/6)̀X/?VS4>5/6a)/0)

+)<3])4+?Y;-)+>)RR7̂_9))bT-)+4T)3-45<S-)3-?+5656,)+0>-3)X/?VS4>5/6)54)>-3?-<)>T-)x05g-<x)4/;5<4)

X/?Y/6-6>9))b2()54)-gY3-44-<)Y-3)S65>)W/;S?-)/0)03-4T)4+?Y;-)̀?,Qca9))bT-)xu5g-<x)X/?Y/6-6>)

54)6/>)6/3?+;;])3-Y/3>-<9))b2()54)+;4/)3S6)/6)4/5;4)+6<)4-<5?-6>4)UT-3-)5>)X+6)V-)S4-<)+4)+)3/S,T)

+YY3/g5?+>5/6)/0)>T-)/3,+65X)?+>>-3)X/6>-6>)/0)>T-)4+?Y;-9))d3,+65X)?+>>-3)U5;;)S4S+;;])V-)

/W-3-4>5?+>-<)<S-)>/);/44-4)/0)4>3SX>S3+;)U+>-3)̀-9,9)T]<3+>-<)+;S?56/45;5X+>-4a)+6<)<-X/?Y/45>5/6)

/0)X+3V/6+>-)?56-3+;4)SY/6)T-+>56,)>/)RR7y_9))u/3)4/5;4)+6<)4-<5?-6>4e)b2()54)-gY3-44-<)-5>T-3)

Y-3)S65>)<3])U-5,T>)/0)4+?Y;-)̀?,Qw,a)/3)+4)+)Y-3X-6>)/0)>T-)<3])U-5,T>9)

&9&9)b/>+;)(S4Y-6<-<)(/;5<4)̀b((ai)z;4/)>-3?-<)x6/6{05;>-3+V;-)3-45<S-xe)bT54)54)>T-)U-5,T>)/0)

4S4Y-6<-<)Y+3>5XS;+>-)?+>-35+;4)̀>T/4-)3->+56-<)/6)+)05;>-3a)Y-3)S65>)W/;S?-)/0)+vS-/S4)4+?Y;-)

?̀,Qca9)

&9.9)b/>+;)2/;+>5;-)(S4Y-6<-<)(/;5<4)̀b2((ai)bT54)54)>T-)W/;+>5;-)X/?Y/6-6>)/0)>T-)b(()>T+>)Y3/W5<-4)

+6)-4>5?+>-)/0)>T-)/3,+65X)?+>>-3)X/6>-6>)/0)>T-)Y+3>5XS;+>-49))z,+56e)>T-)+4T)3-45<S-)3-?+5656,)



�

����������	
��������	�����������
�������������� �!�!���"��#�!$�����!�

�

%&'() *+,-).)/0)11) 2-345/6)7789:)
(/;5<4)=->-3?56+>5/6) @ABCADECFFGHIJCKLIMNGAIOEPADGHI &Q1&Q:.I

+0>-3)R/?ST4>5/6)54)>-3?-<)>U-)V05W-<V)R/?X/6-6>9))Y2(()54)-WX3-44-<)X-3)T65>)Z/;T?-)/0)+[T-/T4)

4+?X;-)\?,Q]̂9))YU-)V_5W-<V)R/?X/6-6>)54)6/>)6/3?+;;̀)3-X/3>-<9)

&9.9)Y/>+;)=544/;Z-<)(/;5<4)\Y=(̂a)b;4/)>-3?-<)V05;>-3+S;-)3-45<T-Vc)>U54)54)>U-)d-5,U>)/0)4/;5<4)

3-?+5656,)+0>-3)-Z+X/3+>5/6)/0)+)05;>-3-<)4+?X;-9))Y=()54)-WX3-44-<)X-3)T65>)Z/;T?-)/0)+[T-/T4)

4+?X;-)\?,Q]̂9)

&9%9)(->>;-+S;-)(/;5<4)\((̂a)YU54)54)>U-)+?/T6>)/0)4T4X-6<-<)4/;5<)?+>-35+;)4->>;56,)/T>)/0)+),5Z-6)

Z/;T?-)/0)4+?X;-)d5>U56)+),5Z-6)X-35/<)/0)>5?-)\e.)?56)f):.)?56)g:)U/T3̂9))h̀)<-0565>5/6c)5>)</-4)

6/>)56R;T<-)0;/+>56,)?+>-35+;4)/3)V0;/+>+S;-)4/;5<4V9))i-)T4-)>U-)Z/;T?->35R)X3/R-<T3-)-?X;/̀56,)+6)

j?U/00)k/6-)0/3)4-<5?-6>+>5/69))l65>4)/0)-WX3-445/6)+3-)?])/0)4/;5<)X-3);5>-3)/0)4+?X;-)\?]Q]̂9)

&9m9)b6+;̀>5R+;)h+>RUa)b6)+6+;̀>5R+;)S+>RU)d5;;)R/6454>)/0)>d-6>̀)\17̂)/3)0-d-3)R;5-6>)4+?X;-4c)/0)>U-)

4+?-)?+>35Wc)X3/R-44-<)+>)>U-)4+?-)>5?-)S̀)>U-)4+?-)+6+;̀4>9))=+>+)0/3)-+RU)S+>RU)d5;;)S-)

3-R/3<-<)/6)+)S-6RU4U-->)+6<)d5;;)56R;T<-)+)?->U/<)S;+6nc)+)?565?T?)/0)/6-)4+?X;-)<TX;5R+>-)

X;T4)+6̀)+<<5>5/6+;)R;5-6>)3-[T-4>-<)[T+;5>̀)R/6>3/;)4+?X;-49)

&989)*/45>5Z-)k/6>3/;)o)]+S/3+>/3̀)k/6>3/;)(+?X;-)\]k(̂a)YU-)]k()54)T4-<)>/)-Z+;T+>-)>U-)

X-30/3?+6R-)/0)>U-)-6>53-)+6+;̀>5R+;)4̀4>-?)56R;T<56,)+;;)X3-X+3+>5/6)+6<)+6+;̀454)4>-X49))_/3)

pqrstruvupwxysuzv{|sv}~�v�uvpv��rpy�{�v��u{swv�p{����v��sp�s�{v�p{s��v��ssv��twv{|svp�py�{svt�v

56>-3-4>)+6<)4X5n-<)d5>U)+)n6/d6)+?/T6>)/0)56/3,+65R)4+;>)/3)/3,+65R)X/;̀?-39))]k()4+?X;-4)+3-)

3T6)/6;̀)0/3)Y/>+;)(/;5<4c)Y/>+;)=544/;Z-<)(/;5<4)+6<)Y/>+;)(T4X-6<-<)(/;5<4))YU-)]k()d5;;)S-)3T6)

+>)+)?565?T?)/0)/6R-)X-3)+6+;̀>5R+;)S+>RU9)

&9'9)�-,+>5Z-)k/6>3/;)o)�->U/<)h;+6na)YU-)�->U/<)h;+6n)54)T4-<)>/)+44-44)>U-)4+?X;-4)56)>U-)

+6+;̀>5R+;)S+>RU)0/3)X/445S;-)R/6>+?56+>5/6)<T356,)>U-)X3-X+3+>5/6)+6<)X3/R-4456,)4>-X49))YU-)

?->U/<)S;+6n)54)3T6)+>);-+4>)/6R-)0/3)-+RU)X3-X+3+>5/6)S+>RU9))YU-)?->U/<)S;+6n)?T4>)S-)

X3/R-44-<)+;/6,)d5>U)+6<)T6<-3)>U-)4+?-)R/6<5>5/64)+4)>U-)+44/R5+>-<)4+?X;-4)>/)56R;T<-)+;;)

u{sxuvt�v{|svp�py�{��pyvx�t�suu�vv�|svws{|t�v�yp��vu|pyyv�t�u�u{vt�vpv��rpy�{�v��u{swv�p{����v

\3-+,-6>)d+>-3̂)>U+>)54)03--)/0)>U-)+6+;̀>-)/0)56>-3-4>9)

&9:79)(+?X;-)(X-R505R)k/6>3/;)o)�+>35W)=TX;5R+>-a)YU-)?+>35W)<TX;5R+>-)54)+)3-X;5R+>-)+;5[T/>)/0)>U-)

4+?-)4+?X;-)>+n-6)>U3/T,U)>U-)-6>53-)+6+;̀>5R+;)X3/R-<T3-9))YU-)?+>35W)<TX;5R+>-)X3/Z5<-4)+)

?-+4T3-)/0)4+?X;-)U/?/,-6-5>̀)+6<)>U-)X3-R545/6)/3)3-X3/<TR5S5;5>̀)/0)>U-)+6+;̀454)dU-6)>U-)

+6+;̀>-)54)X3-4-6>)56)>U-)?+>35W9))*3/X-3)T4-)/0)>U-)X3-R545/6)-Z+;T+>5/6)3-[T53-4)>U+>)>U-)+6+;̀>-)

S-)X3-4-6>)56)>U-)4+?X;-9))=TX;5R+>-)+6+;̀454)/0)6/6�<->-R>)4+?X;-4)X3/Z5<-4)6/)560/3?+>5/6)d5>U)

3-4X-R>)>/)X3-R545/6)+6<)?+̀)4+R3505R-)>U-)<->-R>5/6);5?5>)0/3)>U-)4+?X;-)S-56,)+6+;̀�-<9)

�������� ����¡�¢�

e9:9)£->-3/,-6-/T4)4+?X;-4a)(+?X;-4)?T4>)S-)+XX3/X35+>-;̀)?5W-<)X35/3)>/)d5>U<3+d56,)>U-)+;5[T/>)

0/3)+6+;̀4549))b6̀>U56,c)56R;T<56,)6/6�3-X3-4-6>+>5Z-)+3>50+R>4c)>U+>)d5;;)56>-30-3-)d5>U)>U-)+S5;5>̀)>/)
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%&'() *+,-)%)./)00) 1-234.5)66789)
(.:4;3)<-=-2>45+=4.5) ?@AB@CDBEEFGHIBJKHLMF@HNDO@CFGH &P0&P9QH

=+R-)+)2-S2-3-5=+=4T-)3UVWXYZ[\]̂Z_X̀̂ a]̂bcd_Z]è]b̂cê f̀]̂YeY\gX̀X̂hij]]êkf]]̀l̂Yeb̂

;43mU33-;)n4=o)=o-)*2.p-m=)q+5+,-2)S24.2)=.)V-,45545,)=o-)+5+:r3438))<.)5.=)-sm:U;-)+5r)>+=-24+:3)

/2.>)=o-)3+>S:-)n4=o.U=);43mU334.5)n4=o)=o-)*2.p-m=)q+5+,-28)))

t808)uT.4;)S2.:.5,-;)/4:=2+=4.5)=4>-3)+5;)/4:=-2)m:.,,45,)/.2)v(()+5+:r343)+3)=o43)n4::)+:=-2)=o-)34w-)./)

S+2=4mU:+=-3)2-=+45-;).5)=o-)/4:=-28))x/)/4:=2+=4.5)=+R-3):.5,-2)=o+5)=-5)>45U=-3y)3=+2=).T-2)U345,):-33)

3+>S:-)T.:U>-8))vo-),.+:)43)=.)o+T-)+=):-+3=)08Q)>,)./)2-34;U-)VU=)5.=)>.2-)=o+5)066)>,)z48-8)

2-34;U-)n-4,o=)45)=o-)2+5,-)./)68660Q)=.)68066),2+>3{8)

t8&8)(+>S:-)2-34;U-3)/.2)n-4,o45,)>U3=)V-)+=)2..>)=->S-2+=U2-)=.)+T.4;)m.5T-m=4T-)45=-2/-2-5m-)45)

=o-)V+:+5m-)mo+>V-28))vo43)43)+mm.>S:43o-;)Vr)+::.n45,);24-;)=.)3+>S:-3)=.)m..:)=.)2..>)

=->S-2+=U2-)U5;-2);-34mm+=4.58))<-34mm+=4.5)43)+:3.)2-|U42-;)=.)S2-T-5=)+;3.2S=4.5)./)+=>.3So-24m)

>.43=U2-8)

t8t8)}.53=+5=);2r)n-4,o=~)ummU2+=-)3.:4;3)+5+:r343);-S-5;3)US.5)+mo4-T45,)+)�m.53=+5=);2r)n-4,o=�)

/.2)=o-)3+>S:-)V-45,)n-4,o-;8))�.2)n+=-2)3+>S:-3)=o43)2-|U42-3)2-S-=4=4.5)./)=o-)�;2r45,W

;-34mm+=4.5Wm..:45,Wn-4,o45,�)mrm:-)+5;)43)-T+:U+=-;)Vr).V3-2T45,)=o-);4//-2-5m-)V-=n--5)

3Umm-334T-)n-4,o45,38))vo43);4//-2-5m-)>U3=)V-):-33)=o+5)68666Q),2+>3)z68Q)>,{).2)t�)./)=o-)

S2-T4.U3)n-4,o=)z(=+5;+2;)q-=o.;3{8))vo43)n4::)2-|U42-)+=):-+3=)=n.)/45+:)n-4,o45,3)/.2)+5r),4T-5)

3+>S:-).2)S+2+>-=-28)

t8t898)vo-)�sm-:)3S2-+;3o--=3)o+T-)V--5);-34,5-;)=.)-T+:U+=-)m.53=+5=);2r)n-4,o=)m24=-24+)

V-=n--5)3Umm-334T-)n-4,o45,38))x/)=o-);4//-2-5m-)V-=n--5)=n.)3Umm-334T-)n-4,o45,3)43):-33)

f̀Yê������̂�jYZX̂cĵ��ĉ�̂̀f]̂��jX̀̂�]��f̀̂ Ŷhk���l̂�\Y�̂��\\̂Y[[]Yĵ�êf̀]̂e]�̀̂bỲŶ]èjĝ

d]\\�̂̂��̂ec̀�̂Ŷhj]�]��fl̂�\Y�̂��\\̂Y[[]Yj�)

t8t808)�+4:U2-)=.)+mo4-T-)m.53=+5=);2r)n-4,o=)m+5)V-)+==24VU=-;)=.)45+;-|U+=-);2r45,y)m..:45,)

+5;P.2);-34mm+=4.58))v.)=o-)-s=-5=)S.334V:-y)+T.4;)-sm-334T-).S-545,)+5;)m:.345,)./)=o-)

;-34mm+=.2)+5;)>+R-)3U2-);-34mm+5=)o+3)5.=)V--5)-so+U3=-;8)

t8t8&8)<24-;)3+>S:-3y)S+2=4mU:+2:r)4,54=-;)+3o)2-34;U-3y)+2-)5.=+V:r)or,2.3m.S4m)+5;)>+r)2+S4;:r)

+V3.2V)>.43=U2-8))�5m-)+)3+>S:-)43)2->.T-;)/2.>)=o-);-34mm+=.2)4=)3o.U:;)V-)n-4,o-;)+3)3..5)

+3)S.334V:-)+5;)2-=U25-;)=.)=o-);-34mm+=.28))<.)5.=)+::.n)3+>S:-3)=.)3-=).U=).5)=o-):+V)V-5mo8)

t8Q8)*+2=4mU:+2)+==-5=4.5)>U3=)V-)S+4;)=.)+|U-.U3)3+>S:-3)no-2-)=o-)n-4,o=)./)2-34;U-).V=+45-;)n4::)

;-S-5;)US.5)=o-)T.:U>-)./)3+>S:-)U3-;)+5;)4=3);433.:T-;)3.:4;3)m.5=-5=8))x;-+::ry)/4:=-2).2)
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T\[]ŶY_Z̀ZWaj[_a[̂XR̂YXZUg[YUh[YUỲakZUg[l[XR̂ Z̀dYWRV[T\[WeR[m][]eRdn[oT̀fWZTUb[[peR[XRdTqRXa[

r9ss<t,suv(:<5=(w.(x4=@46(=@.(t,6-.(01(y*7(z(r/7(=0(**7(zv(x4=@(,(t.{,=4|.(5=,6},t}(}.|4,=406(

r't.s45406v({.55(=@,6(*7(z8((96(06>-046-(~&�(x4{{(w.(?t0|4}.}(wu(=@.(,6,{u545(,6}(t.s0t}46-(01(

=@.(��(�@.s�(%0{<=406(10t(.,s@(w,=s@(01(,::064,(,6,{u5.5(s06}<s=.}8(

�8(~.=.s=406(,6}(�<,6=4=,=406({4:4=5(,t.(t.=,46.}(46(���%8(%..(%&'(*7*2%(10t(,}}4=406,{(4610t:,=406(

06(@0x(}.=.s=406(,6}(�<,6=4=,=406({4:4=5(,t.(s,{s<{,=.}8(

�8(�06=t0{(s@,t=5(10t(=t.6}(,6,{u545����06=t0{(s@,t=5(10t(=@.(9::064,(�0x(�.|.{(�@.s�(%=,6},t}(x4{{(

w.(s065=t<s=.}(,6}(<?},=.}(06(,(?.t40}4s(w,5458(�.5<{=5(x4{{(w.(.|,{<,=.}(t.{,=4|.(=0(�,t646-(,6}(

�06=t0{({4:4=5(5.=(,=(�(,6}(�(5=,6},t}(}.|4,=4065(01(=@.(:.,6;(t.5?.s=4|.{u8(((

O8(�@.(t.-t.55406(s0.114s4.6=;(t(5@0<{}(w.(-t.,=.t(=@,6(78//+8(

+8(�64=4,{(�,{4wt,=406(3.t414s,=406(r��3v(,6}(�,{4wt,=406(�{,6�(r���v(:<5=(w.(t<6(,=(=@.(w.-46646-(01(

.,s@(w,=s@8((�06=46<46-(�,{4wt,=406(3.t414s,=406(5=,6},t}5(,6}(w{,6�5(r��3;(���v(:<5=(w.(t<6(

,1=.t(.|.tu(=.6(5,:?{.5(46(=@.(w,=s@(,6}(,=(=@.(.6}(01(.,s@(t<68((�@.(s,{4wt,=406(|.t414s,=406(

5=,6},t}5(:<5=(,-t..(x4=@46(y*7z(01(=@.(�=t<.�(|,{<.(,6}(=@.(s06s.6=t,=406(01(=@.(w{,6�5(5@0<{}(

w.({.55(=@,6(=@.(,w50{<=.(|,{<.(01(=@.(t.?0t=46-({4:4=8(

)8((�,=t4�(5?4�.(,6}(}<?{4s,=.(,6,{u5.5(,t.(t<6(x4=@(.,s@(w,=s@(0t(,5(t.�<.5=.}(wu(=@.(s{4.6=8(

/8)8*8(~<?{4s,=.(,6,{u5458((�1(w0=@(=@.(0t4-46,{(,6}(}<?{4s,=.(5,:?{.(s06s.6=t,=4065(,t.(-t.,=.t(

=@,6(+�(=@.(}.=.s=406({4:4=;(=@.(s,{s<{,=.}(�'~(5@0<{}(w.({.55(=@,6(�7z8((�1(.4=@.t(

s06s.6=t,=406(45({.55(=@,6(+�(=@.(}.=.s=406({4:4=;(=@.6(=@.(,w50{<=.(}411.t.6s.(w.=x..6(=@.(=x0(

5@0<{}(w.({.55(=@,6(0t(.�<,{(=0(=@.(}.=.s=406({4:4=8((�1(=@.5.(st4=.t4,(,t.(60=(5,=4514.};(s0tt.s=4|.(

,s=4065(:<5=(w.(=,�.68(

/8)8�8(�,=t4�(%?4�.58((�@.(,ss.?=,6s.({4:4=5(10t(:,=t4�(5?4�.(t.s0|.t4.5(,t.(y�+z(41(=@.(0t4-46,{(

s06s.6=t,=406(45({.55(=@,6(O�(=@.(5?4�.(s06s.6=t,=406(,}}.}8((�1(=@.(0t4-46,{(s06s.6=t,=406(45(

-t.,=.t(=@,6(O�(=@.(,}}.}(5?4�.({.|.{;(=@.(5?4�.(45(46|,{4}(,6}(:<5=(w.(t.?.,=.}8(

�8(���(�@.s�(%=,6},t}�(9(5=,6},t}(?t.?,t.}(,=(=@.({0x(?046=(01(=@.(s<t|.(,6}(?t.?,t.}(.�,s={u(=@.(

5,:.(,5(=@.(5,:?{.5(06(=@.(w,=s@8(�<6(4::.}4,=.{u(10{{0x46-(=@.(��3P���8((

28(�.=@0}(�{,6��(9(:.=@0}(w{,6�(5@0<{}(w.(,6,{u�.}(x4=@(.,s@(w,=s@(,1=.t(=@.(���(%=,6},t}8((�@45(

w{,6�(5@0<{}(@,|.(,(|,{<.({.55(=@,6(=@.(,w50{<=.(|,{<.(01(=@.(t.?0t=46-({4:4=8(

/8(�,w0t,=0tu(�06=t0{(%=,6},t}�(9(?054=4|.(s06=t0{(5=,6},t}(?t.?,t.}(x4=@(.,s@(w,=s@8(�@.(��%(:<5=(

,-t..(x4=@46(y*7z(01(=@.(�=t<.�(|,{<.8(

�������������� �� ¡�¢�� ¡��¡�£���� �

*8(9(54�(?046=(s,{4wt,=406(s<t|.(45(?t.?,t.}(x..�{u;(t,6-46-(1t0:(787O(=0(*87(:-P�(¤¥�>¤;(,6}(,6,{u�.}(

x4=@(.,s@(5.�<.6s.8((



�

����������	
��������	�����������
�������������� �!�!���"��#�!$�����!�

�

%&'()*+%( ',-.(*/(01(*2( 3.45406(//+7*(
899064,:(8;<0=>?.6,<.( @ABCADECFFGHIJKGAILEMADGHI NO*O*+I

P7(Q64<4,R(S,R4TU,<406(3.U414V,<406(WQS3X(,6Y(S,R4TU,<406(ZR,6[(WQSZX(,U.(U;6(,<(<?.(T.-46646-(01(.,V?(

5.\;.6V.7((S06<46;46-(S,R4TU,<406(3.U414V,<406(5<,6Y,UY5(,6Y(TR,6[5(WSS3:(SSZX(,U.(U;6(,1<.U(
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